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INTRODUCTION

In the past, tillage research on plant diseases was concerned primarily with
practices that buried plant residues in single-crop production systems. The
burial of plant debris to destroy pathogens is an ancient agricultural prac
tice (34). Each crop was tested as a single entity, and most crop rotations
were based on one crop per year. Interest in notill and conservation tillage
systems and mUltiple cropping has increased in the past two decades be
cause of the scarcity and increased cost of fossil fuels, periodic world food
shortages, and the concern over soil erosion (73,110). These concerns are
of such paramount importance in many countries that total crop production
systems may have to be altered to meet the needs of a rapidly changing
world.
For this review the following definitions from Andrews & Kassam are
used (5).
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Multiple cropping: The intensification of cropping in time and space such
as growing two or more crops on the same field in a year.

Sequential cropping: Growing two or more crops in sequence on the same
field per year where the succeeding crop is planted after the preceding crop
is harvested (double cropping, triple cropping, and quadruple cropping).

Intercropping: Growing two or more crops simultaneously on the same
field.

Monocropping: Growing one crop on a field each year.
Monoculture: The repetitive growing of the same crop in the same land.
More detailed explanations of other terms used in multiple cropping are
given in other papers (5, 7, 74, 75, 85).
Tillage in agriculture is the changing of soil conditions for crop produc
tion (2). Definitions used for tillage practices are as follows:

Conventional tillage: Traditional tillage system, which typically begins
with a primary deep tillage operation followed by some secondary tillage
for seedbed preparation

(7).

Conservation tillage: Any tillage practice that reduces loss of soil or water
compared to unridged [soil is not mounded into a specific configuration (2)]
or clean tillage (85).

Minimum tillage: That minimum amount of tillage required to create the
proper soil condition for seed germination and plant establishment (85).

Notillage, zero tillage: A method of planting crops that involves no seedbed
preparation other than opening the soil for the purpose of placing the seed
at the intended depth. This usually involves opening a small slit or punching
a hole into the soil. There is usually no cultivation during crop production.
Chemical weed control is normally used

(85).

Chiseling: A tillage operation in which a narrow tool is used to break up
hard soil. It may be performed at other than the normal plowing depth (2).

Plowing: A primary tillage operation which is performed to shatter soil
with partial or complete soil inversions (2).

Subsoiling: Tillage of sll;bsurface soil, without inversion, below 406 mm, to
break up dense layers that �estrict water movement and root penetration
(2,85).
Reduced tillage systems have been established in many areas of the world
and will become increasingly important in other areas where soil moisture
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and erosion impact on crop production (11). Continuing expansion of con
servation tillage throughout the world relates to soil erosion, double and
opportunity cropping, energy limitations, and drought. Although much
progress has been made in refining and in improving conservation tillage
systems for specific crops and environments, many aspects need further
improvement. These include more efficient planting machinery, the degree
of weed control necessary, control of diseases and pests associated with crop
residues, crop row spacing, and breeding of varieties adapted to the new
environment.
TEMPERATE CLIMATES
Humid Regions
MONOCROPPING Corn frequently is grown in monocrop systems in the
central United States, and much of the acreage is now grown under various
types of minimal tillage and conservation tillage systems. Several foliar
pathogens of corn are known to survive in corn residue in minimal tillage
systems. These pathogens include Helminthosporium turcium and H. may
dis, which induce northern and southern corn leaf blight, respectively
(12,14); Phyllosticta maydis, which induces yellow corn leaf blight (6);
Physoderma maydis, which induces brown spot (23); Colletotrichum
graminicoia, which induces anthracnose (12,73); and Cercospora zeae-may
dis, which induces gray leafspot (39,76). Most of these diseases are more
severe in minimal tillage than when corn debris is buried by plowing, but
anthracnose stalk rot is not controlled by plowing (106). Tillage practices
may also influence the severity of sooty stripe of sorghum, caused by Ramu
/ispora sorghi, as the fungus overwintered in Nebraska in plant debris on
the soil surface (65). Stunting may occur in corn following small grains in
a stubble-mulch (minimal tillage) system (55). The condition is probably
caused by phytotoxic decomposition products from decaying residues, but
it is not known whether soilborne pathogens and bacteria have a role in the
retardation of plant growth. Reduced tillage decreases soil temperatures in
the spring and early summer (24,104), and may retard seed germination and
seedling development and be conducive to damping-off and root diseases
induced by soilborne pathogens favored by low temperatures. Thus, the
importance of moving residues away from emerging plants is obvious (12).
In wheat, minimal tillage has decreased the incidence of take-all, caused
by Gaeumannomyces graminis var. tritid (18,40); decreased (18,28) or had
no effect (40) on eyespot, caused by Pseudoscercosporella herpotrichoides;
and did not influence the incidence of sharp eyespot caused by Rhizoctonia
so/ani, and brown footrot caused by Fusarium spp. (40). In the winter
rainfall wheat area of the northwestern United States, take-all is signifi-
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candy more severe but eyespot less severe in notill than in conventional
tillage systems (27). Why yields are less in notill systems has not been
determined. The decrease in yields can be largely overcome by soil fumiga
tion, and Pythium spp. and phytotoxins are suspected as causes of increased
root rots in notill systems (27). Moving the straw away from the seed to the
interrow area at :planting may reduce the detrimental effects of straw by
allowing for proper, nonelevated, crown-depth development (25). The inci
dence of Cephalosporium stripe caused by Cephalosporium gramineum was
reduced by plowing in Michigan. Populations of the pathogen remained
high on infested straw beneath the soil surface during the first autumn, but
the straw was degraded and populations of the pathogen declined to very
low numbers by the second autumn. In contrast, where host residues re
mained undisturbed on the soil surface the fungus survived saprophytically
and produced conidia for at least three years (107). In the USSR, deep
tillage (25-30 cm) reduced root rot caused by Cochliobolus sativus in wheat
following pea, clover, or com (100).
Notillage practices gave variable results with vegetables. In Maryland,
yields of early seeded tomatoes were enhanced by notill, and yields of
snapbean, lima bean, watermelon, and sweet com were comparable to
conventional tillage (9). In Kentucky, stands of cucumber and sweet com
were sometimes reduced, but survival of tomato and pepper were not in
fluenced by notill. In Tennessee snapbean and lima bean were grown in
notill, reduced tillage (disk or powdered harrow), and conventional tillage
following barley. Tillage did not affect yield of snapbean, but lima bean
yields were highest with conventional tillage (50, 61). Unfortunately, data
on plant diseases were not taken in these studies. In North Dakota, plowing
wheat residue 26 cm deep increased stem and stolon lesions on potato
caused by Rhizoctonia solani compared with disking or plowing 13 cm deep.
Organic matter on the surface soil apparently inhibited the survival or
infection potential of R. solani (37). Other research indicates that R. solani
survives primarily in colonized plant debris, and the fungus does not survive
below 15 em in soil (13,68). In contrast, sclerotia of Sclerotinia sclerotiorum
will survive deep plowing. Plowing resulted in the burial of sclerotia and
less lettuce drop compared with disking, but a second moved the sclerotia
back up to the soil surface (56). Leaving plant residues .on the soil often
leads to increased stunting, root rot, and damping-off in vegetables (26,45);
but research on the influence of specific tillage practices on plant diseases
of different vegetables is generally lacking.
In perennial crops, tillage may result in increased root damage and
disease. Verticillium wilt was less in hop when notill plus herbicides were
used than when conventional tillage practices were used in fields with a high
incidence of the disease. This reduction probably was caused by the eradica-
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tion of alternative weed hosts, less root damage, changed patterns of root
distribution, and the inhibiting action of the herbicide on root growth in
surface soil. The last of these effects probably resulted in less contact be
tween roots and surface-borne inoculum. In contrast, there was a tendency
for notill to increase disease when the wilt incidence was low, possibly
because of differential effects on nitrogen metabolism or availability (81).
Little research has been done on the influence of tillage on nematodes,
viruses, or bacterial pathogens. In Great Britain, plowing reduced popula
tion of migratory parasitic nematodes compared with notill in continuously
cropped wheat (29). In Iowa, on the other hand, populations of plant
parasitic nematodes in com were usually greater in notill ridge (mounds in
a specific configuration) plots than in spring- and fall-plowed plots (101).
No data were taken on the effects of the different population densities on
root damage in either study, but com yields were lower in notill than in
plowed plots. Several bacterial pathogens overwinter in plant debris on the
surface but not in buried plant debris. These pathogens include Pseudomo
nas glycinea, which induces bacterial blight of soybean (31); P. phaseolicola,
which induces halo blight of snapbean (63); Xanthomonas malvacearum,
which induces bacterial blight of cotton (17); and Corynebacterium nebras
kense, which induced Goss's bacterial wilt and blight of com (79). Several
bacterial pathogens do not survive well in soil. Others (Erwinia spp.,
Pseudomonas soft rotters) are ubiquitous in soil (19,20), but the influence
of different tillage practices on bacterial disease losses has not been deter
mined.
The most common double-cropping system in the
temperate climates of the United States is small grain followed by soybean;
much notill is used on this acreage. In Arkansas, soybean seedling diseases
induced by Sclerotium rolfsii and R. solani increased in double cropped
plots compared with conventionally planted soybeans, but seed treatments
controlled the diseases (30). In Delaware, notill increased populations of
Fusarium species in soil, but there were no differences in the incidence of
wilt induced by F. oxysporum in soybean between notill and conventional
tillage. (35).
Increased damage to vegetables occurs frequently when two crops of
vegetables are grown each year. In a l 4-year study in Connecticut, yields
of lettuce, carrot, sweet com, spinach, beets, and cabbage were less in more
intensive rotations of two successive crops of vegetables per year compared
with vegetables alternating with "green manure" crops of rye, vetch, or
soybean (45). Lettuce is sensitive to decaying crop residues, and root disease
and stunting were reported in California, Wisconsin, and New York on
intensively cropped lettuce (3,38,72).
DOUBLE CROPPING
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Intercropping is·rare in temperate climates, but a mixed cropping of pea
and barley, oats, or wheat in Canada reduced Ascochyta stem and pod
diseases of pea and produced the same or increased yields of pea and small
grains when compared with monocropping (48).
Semiarid and Arid Climates

Ecofallow is a conservation ,cropping system that has
gained widespread acceptance in the central Great Plains of the United
States (32). Ecofallow is defined as a system for controlling weeds with
herbicides and sweep (wing-shaped cultivation shovel) tillage and conserv
ing soil moisture in a crop rotation with minimum disturbance of crop
residue and soil (33). The system is used with either a three-year rotation
or winter wheat-grain sorghum or com-fallow, or a two-year rotation of
winter wheat-fallow. The three-year system differs from many reduced
tillage practices in that one crop is planted directly into the residue of a
different crop rather than into the residue of the same crop.
Compared with conventional tillage ecofallow dramatically decreased the
incidence of stalk rot of grain sorghum induced by Fusarium moniliforme,
(32). Increased storage of soil moisture with ecofallow is undoubtedly an
important factor in the lower incidence of stalk rot. In addition the wheat
residue results in a lower, more constant soil temperature in grain sorghum
planted in ecofallow. Thus, the growing conditions are more favorable in
ecofallow and plants are less vulnerable to fungi that induce stalk rot (12).
Foliage diseases were not a problem under the three-year ecofallow sys
tem. In a two-year ecofallow experiment with wheat following wheat, tan
spot reduced by Pyrenophora trichostoma and leaf blight reduced by Sep
toria tritici increased to the point of concern (32). The tan spot pathogen
overwinters on surface residue from the infected crop, but incorporating
infested residue into the soil prevents the formation of the overwintering
perithecial stage and destroys the pathogen (12). The increase in foliar
diseases under the wheat monoculture system of ecofallow indicates the
importance of using two different crops to help prevent disease buildup.
ECOFALLOW

In a wheat monoculture in semi-arid Can
ada, yields were not affected by shallow plowing (10--15 cm) compared with
a one-way disk minimal tillage system (54), but common root rot induced
by C. sativis and F. culmorium was less abundant in the seedling stage but
not at maturity. Large amounts of rape residue reduced common root rot
of small grains compared with less residue but yields were less where rape
residues were greatest (41). The variability of spore germination of H.
sativum in response to its environment and particularly to nutrition may
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partly explain the inconsistency of crop rotations and soil amendments in
alleviating common root rot of wheat and other diseases (12). The severity
of snow mold, caused by Typhula idahoensis, was not influenced by tillage
practices in Idaho. Sclerotia survive burial, and plowing might bring up
dormant sclerotia (42), as suggested earlier for sclerotia of Sclerotinia
sclerotiorum in Australia (56).
Subsoiling is beneficial in reducing soil compaction and decreasing the
severity of bean root rot induced by F. solani f. sp. phaseoli. Increased yields
appeared to result by counteracting the effects of the disease through in
creased rooting depth and volume, and through greater regeneration of
roots as the season progressed (22). The fungus was distributed throughout
the plow layer (20--30 cm depth) but seldom found in the subsoil (33--41 cm
depth). In noninfested fields, and in a Fusarium-infested field containing
barley residues, many roots penetrated to a depth of I m or more. In
contrast, roots of most plants penetrated the subsoil only a few centimeters
in Fusarium-infested fields (21).
There are only a few reports on the effects of reduced tillage on plant
diseases in irrigated farmland. Most such research has been with overhead
irrigation. A five-year study completed recently at the University of Ne
braska South Central Station evaluated the effects of six tillage systems
(including conventional and notill) on amount of fertilizer and irrigation
water, production costs, energy requirements, pest control (diseases, weeds,
insects), and grain yield in corn monoculture using furrow irrigation (B.
Doupnik, unpublished data). There were no significant differences in pest
control and grain yields among the tillage systems, but there were differ
ences in energy requirements and production costs.
SUBTROPICAL CLIMATES
Sequential Cropping
In the subtropical regions of the world two or more crops can be grown in
sequence without danger of frost for approximately 200 to 300 days, and
if winterhardy forage crops, cereals, or vegetables are used, three or more
crops can be grown each year (94). Some sequential cropping systems
studied at the Georgia Coastal Plain Station from 1971 to 1980 are listed
in Tables 1 and 2.
FOLIAGE PATHOGENS

Fungi Helminthosporium maydis survived on surface corn residues in
disked and rotary-chopped corn monoculture, but not in residues buried by
plowing; southern corn leaf blight was more severe in disk-harrowed and
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Table 1

Multiple cropping sequences studied at the Coastal Plain

Station, 1971 to 1980 (90-95)
Number of
years grown
Annual sequences
Turnip-corn snapbean
Turnip-corn-turnip

4
4

Turnip-peanut-snapbean

4

Turnip-peanut-turnip

4

Snapbean-soybean-cabbage
Turnip-cucumber-southern pea-turnip
Turnip-corn-southern pea
Corn-soybean

4
4
6
3

Two-year sequences
Cucumber-squash-cabbage-cucumber
Cucumber-cucumber-cucumber

1.3
1.6

Sweet corn-soybean-wheat-soybean-spinach

6

Turnip-peanut-cucumber-turnip-cucumber-soybean
Field corn-soybean

6
3

Squash-soybean field corn-snapbean

3

Field corn-snapbean-squash-soybean

3

rotary-chopped notill plots than in plowed plots (96). Deep-plowing also
reduced the incidence of sorghum downy mildew and increased the yield
of a susceptible sorghum cultivar compared with conventional plowing
(103). When a spring crop of lima bean was followed immediately by a
summer crop of lima bean, stem anthracnose was so severe that the second
crop had to be abandoned. The plants in the second crop were infected with
Collectotrichum truncatum soon after emergence, even though residues
from the first crop were buried by plowing, and the disease could not be
controlled once plants were infected (D. R. Sumner and D. Smittle, unpub
lished data). Leafspots of turnip were more severe in intensive cropping
systems when both fall and spring crops of turnips were grown for leafy
greens each year in contrast to growing only one crop of turnip each year
in the spring. Since no winter crop was used, leafspot pathogens apparently
survived from the fall crop on plant debris, even though the soil was plowed
each year before turnip was planted in the spring (91). Continuous cropping
of two to three crops of cucumber per year has been practiced in the
southeastern USA, but gummy stem blight, induced by Mycosphaerella
citrullina, may be severe if other crops are not inserted between cucumber
crops to reduce the primary inoculum (83).
In multiple-cropped southern pea, plowing reduced Cercospora leafspots
and rust, and decreased premature defoliation compared with harrowing
(97).
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Table 2 Multiple cropping sequences grown on Lakeland sand under center
pivot sprinkler irrigation in Tift county, Georgia

Sequences
Year

3

4

Sweet corn

Peanut

Field corn

Peanut

Cucumber

Rye

Field corn

Wheat

Rye

Turnipa

2

3

2

1

Tomatob

Sweet corn

Field corn

Soybean

Lima bean

Southern pea

Field corn

Rye

Rye

Spinach

Sugar beet

Snapbean

Cucumber

Field corn

TomatoC

Sweet corn

Soybean

Sweet corn

Peanut

Vetch

Spinach

Vetch

a Leaves were harvested for greens.
bTomatoes were transplanted and grown for fruits.
C Tomatoes were direct seeded and grown for transplants.

In China, the removal of all leafy plant parts immediately after harvesting
each crop, the heavy use of organic fertilizers, and extensive rice culture
that involves Hooding of fields apparently reduce the survival of foliage
pathogens in multiple cropping. Nevertheless, double or triple cropping
systems of wheat with rice or com, ft.ooding, and organic amendments have
not eliminated scab caused by F. roseum 'graminearum' in wheat. All three
crops serve as hosts for the pathogen, and airborn ascospores are produced
in perithecia on each host. Certain foliage diseases of sorghum and corn are
also problems (49).
Bacteria and viruses Little information is available on the influence of
tillage systems and multiple cropping on foliage diseases induced by bac
teria and viruses. All et al (1) found that virus diseases in corn were
increased slightly by notill compared with conventional tillage, but the
overall incidence of virus disease was low. Notill induced a significant
increase in the total leafbopper population and the amount of johnsongrass,
an overwintering host reservoir for maize chlorotic dwarf and maize dwarf
mosaic viruses. Increase in the abundance of weeds that are alternate hosts
for viruses is a potential hazard in most notill systems. More research is
needed to determine whether tillage systems inft.uence the incidence and
severity of virus diseases.
In Georiga, Xanthomonas campestris, which induces black rot in cab
bage, survived 8 months in buried cabbage stems, but only 42 days in
infested soil (78). Soil is manipulated more frequently in mUltiple cropping
systems than in monocrop systems, and it is possible that infected cabbage
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stems might decay more rapidly in multiple-cropping systems and allow
more frequent cropping of crucifers.
SOILBORNE PATHOGENS

Fungi Researchers have long advocated the burial of plant residues by
plowing to control soilborne pathogens in subtropical crops. One of the
earliest and most successful examples of disease control by appropriate
plowing and cultivation was the control of southern blight of peanut caused
by Sclerotium rolfsii (16). Cultural practices developed to deprive the fun
gus of a food base from which it could launch an attack included shallow
plowing (13-18 cm) to cover all organic debris, nondirting cultivation to
prevent soil and debris from being thrown around the base of the plants,
and controlling leafspots to prevent dead leaves from falling and accumulat
ing to provide an energy source that enhances growth and infectivity of the
pathogen (36). Southern blight is also controlled on tomato by deep plow
ing, as compared with disking (111).
This paradigm for successful control of southern blight is not valid for

controlling other root diseases in multiple cropping systems. In four multi
ple-cropping sequences including snapbean and cowpea at the Coastal Plain
Station, plant debris was frequently in contact with or adjacent to primary
roots and hypocotyls of seedlings even though the soil was turned with a
moldboard plow just before planting. Root diseases caused by Pythium spp.
and R. so/ani were of slight to moderate intensity in snapbean following
corn, peanut, or cabbage and R. solani caused moderate to severe root rot
in cowpea following cucumber in two of four years (95). Seedling diseases
also were severe in snapbean following cowpea with minimum tillage (87).
In four years of tests with different tillage practices in multiple cropping
systems at the Coastal Plain Station on both sand and loamy sand soils, deep
plowing increased yields of snapbean following com as compared with
disking. In contrast, yields in subsoil-plant and subsoil-bed (minimum till
age treatments) plots were equal to yields in plowed plots. Differences in
root disease severity among treatments were not significant, but populations
of R. solani in 15 cm of topsoil frequently were lower at planting in plowed
plots than in disked or subsoiled plots (D. R. Sumner, unpublished data).
In cowpea, yield increases following sweet corn appeared to be related to
less physical resistance of the soil to penetration by roots, and greater
efficiency in nutrient use in deep plowed and subsoiled plots than in disked
plots, rather than to differences in severity of root disease (84,98). Similar
results were found with subsoiling in cotton (43). Such factors may be more
important than root disease in explaining yield responses of snapbean to
different tillage practices. Nevertheless, root diseases of cowpea, snapbean,
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and lima bean may be limiting factors in multiple cropping systems, as
evidenced by the consistent 50% increase in yields of cowpea by soil fumiga
tion in the fall (93).
Root disease severity was less in turnip than in snapbean or cowpea in
multiple cropping systems. There were no differences in root disease sever
ity among spring crops of turnip, but root diseases were decreased and root
growth was increased in turnip following corn compared with turnip fol
lowing southern pea or peanut in fall crops (92).
Corn responds well to reduced tillage, and root diseases were minimal in
multiple cropping systems. Yields were increased only 10% by soil fumiga
tion (90), but recent research indicates that a sterile basidiomycete and R.
solani (AG-2) may cause increased root diseases in multiple cropping sys
tems (88,89).
Minimum tillage concentrates residue in the top 10 to 15 cm of soil, and
thus increases populations of soilborne pathogens associated with debris.
The possibility of root necrosis and stunted, deformed plants from phyto
toxins from decomposing residues (15,71,72) is also increased by minimal
tillage. On the other hand, populations of beneficial microorganisms and the
biological control of pathogens could be enhanced by minimal tillage (8).
Plowing reduced root disease severity and postemergence damping-off in
one or more crops of lima bean, cowpea, snapbean, and corn, but not in
squash, cucumber, tomato, turnip, spinach, grain sorghum, or soybean
compared with minimum tillage. Populations of R. solani (primarily AG-4)
were reduced in the top 15 cm of soil by plowing compared with minimum
tillage treatments in 5 of 15 experiments, but tillage practices rarely in
fluenced populations of other soil fungi (99). Plowing moves plant debris
from the soil surface to a zone 10 to 30 cm deep, and brings soil from a lower
depth to the surface. Populations of R. solani and Pythium spp. were also
moved from the top 10 cm of soil to the subsoil by plowing. In contrast,
minimum tillage concentrated plant debris and populations of R. solani and
Pythium spp. in the top 10 cm of soil (Table 3). Populations of total fungi
declined steadily from the 0 to 10 cm depth to the 30 to 40 em depth in
minimum tillage treatments. In contrast, plowing resulted in lower popula
tions of fungi in the 0 to 10 cm depth but increased populations at the 10
to 20 and 20 to 30 cm depths, resulting in relatively uniform populations
of total fungi in the plow layer (D. R. Sumner, unpublished data). In
California, plowing effectively buried sclerotia of Sclerotium oryzae in con
tinuous rice culture and caused an increased loss in viability of sclerotia
compared with disking or rotovating (105).
Minimum tillage may be feasible in a wheat-soybean double-crop system
in the subtropics, but wheat straw may have a deleterious effect on soybean
growth. The reaction of different soybean cultivars to residue from different
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Table 3 Populations of

Rhizoetonia solani

following different tillage implements*

and

Pythium

spp. in soil at different depths

Tillage imp lement and depth

Depth from

Moldboard

In-row

Chisel

Diskharrow

surface (em)

plow (25-30cm)

subsoiler (40cm)

(20-25 em)

(15em)

Rhizoetonia solani, propagules per 100 g of soil
8 abt

37 a

36 a

10-20

26 a

4 b

8b

2b

20-30

10a

Ob

Ob

Ob

30-40

Ob

Ob

Ob

3b

0-10

34 be

0-10

Pythium

51 a

spp., propagules per gram of soil

91 a

9a

8
5

20

10-20
20-30

57 ab

8a

6

6

30-40

4c

Ob

4

6

49a

IS

.. Soil samples were taken between rows 10 days after planting peanut in a sweet corn
soybean·turnip-peanut, two year, multiple cropping sequence.

r Numbers followed by the same letter are not significantly different according to

Duncan's multiple range test (P = 0.05). No letters indicate no significant differences.

wheat cultivars is variable, suggesting that selection of wheat and soybean
cultivars for double-cropping should be done in the environment where they
will be grown (10).
In China, the practice of flooding fields for paddy rice and the use of
organic fertilizers apparently greatly reduce the severity of diseases caused
by soilborne pathogens in multiple cropping systems. Perhaps in vegetable
crops the succession of crops is so varied and the growth period so short
for a given crop that root pathogens may have little opportunity to intensify
(49). However, Williams stated that root diseases were serious problems on
cucurbits, tomatoes, and eggplant in vegetable communes near Kwiangsu,
but were less serious in suburbs where vegetables were rotated with cereal
crops (109).
Nematodes Fall plowing reduced populations of the root-knot nematode
Meloidogyne incognita and the lesion nematode Pratylenchus zeae com
pared with no tillage, but the host crop planted had a greater influence on
nematode population than did tillage practices (86). In com following oats
there were no differences in populations of lesion nematodes and spiral
nematodes Helicotylenchus spp. between conventional tillage and no tillage
(1). Subsoiling may reduce injury from nematodes (43), in a similar manner
as previously discussed with soilborne pathogenic fungi, but in some in
stances subsoiling without using a nematicide was ineffective in increasing
yields. In Georgia, populations of the lance nematode Hoplolaimus colum-
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bus increased significantly at the 33 to 46 cm depth after the second consec
utive year of subsoiling, and soybean yields were not increased by subsoiling
(69). In contrast, subsoiling reduced nematode injury and increased soybean
yields in soil infested with M. incognita (70).
In four years of multiple cropping with six different sequences at the
Coastal Plain Station (Table 1, first six sequences listed), none of the crop
ping systems prevented the increase of all pathogenic nematodes (94). All
crops supported low to moderate levels of spiral and root-knot nematodes.
Cucumber was most damaged by root-knot nematodes. Cropping systems
including turnips and excluding corn suppressed populations of lesion
nematodes more than other systems. In contrast, a nematicide was essential
to control root-knot nematodes in an annual cropping sequence of turnip
com-southern pea (77). However, inserting cultivars of com or southern
pea resistant to root-knot nematodes might reduce or eliminate the need for
a nematicide. Cucurbits are very susceptible to root-knot nematodes, and
in multiple cropping of cucumber and squash with film mulch and trickle
irrigation, soil fumigation was essential to control nematodes and maintain
high yields for three successive crops (46,47).
In India, the number of nematodes following wheat, com, and cotton in
multiple cropping sequences was less than in monocultures of each crop,
but data were not taken on the relationships of populations of nematodes
to yields (60).
Tillage is less influential on populations of nematodes than the cropping
sequence. Nematode injury can be greatly reduced by selecting crops in a
sequence, but nematicides are necessary to achieve high yields of susceptible
crops such as cucurbits.
Growers in the southeastern United States use some of the mUltiple
cropping sequences discussed previously, and they know that diversification
of crops is necessary for disease control (64). It is impossible to study all
of the possible combinations of crops that can be grown, because of the
limitations of time and experiment station budgets. Nevertheless, it is im
perative that more research be done on the influence of tillage and sequen
tial cropping on plant diseases because growers worldwide must reduce
energy use, while continuing to produce still more food and fiber per unit
of land. The results could be disastrous if plant disease management is not
an integral part of any intensive cropping experiments.
TROPICAL CLIMATES
Sequential Cropping

Sequential multiple cropping has long been common in the tropics, and in
some countries fields have been multiple cropped continuously for centu-
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ries. Examples are continuous double cropping of swamp rice in Vietnam
and in the Philippines

(82), and multiple cropping of various vegetable and
(49,109), the Middle East (62), Africa (66), and

agronomic crops in China
South America

(74). Unfortunately, there is little published information on

the influence of cropping systems and tillage practices on the incidence of
plant disease. It is known that pathogens that survive in plant debris can
provide inoculum to cause severe epidemics.

A special effort is made in

many countries not to grow crucifer crops frequently in a rotation because
of black rot (108), downy mildew, and turnip mosaic virus ( 109). In Nigeria,
it is recommended that yams not be grown on the same site more than once
every four years in mUltiple cropping systems because of nematodes that

(4). In contrast, root rot caused by R.
solani was as severe in cowpea following rice as in continuous cowpea (44).
In the arid climate of Sudan, Xanthomonas malvacearum in infested debris

disfigure the skin and reduce yields

was a threat to the ne�t cotton crop, but in the wetter climate of Tanzania
the pathogen barely survived between cotton crops in surface debris. Since
many bacterial pathogens survive in debris but not in soil, reduced tillage
might increase the incidence of bacterial diseases (80).
Ratoon cropping, the cultivation of crop regrowth after harvest, is prac
ticed in surgarcane, sorghum, cotton, banana, pineapple, rice, ramie, and
other crops (75). Virus diseases of rice and sorghum and bacterial blight and
leaf crumple virus in cotton have increased with ratoon cropping

(67, 75).

In sugarcane, Pythium root rot, nematodes, and viruses have been asso
ciated with ratoon stunting disease and yield decline. Other diseases re
ported to cause severe losses in ratoon cropping of sugarcane are chlorotic
streak, Fiji disease, sugarcane mosaic, and sugarcane smut

(75).

Intercropping
Vegetables and field crops are intercropped throughout the tropics in many
countries of Central America (74), Africa (66), and Asia ( 109). In Africa,
the most widespread cropping system is mixed intercropping in compound
farms

(66). However, we are unaware of any research on the influence of

intercropping on plant diseases in Africa.
In China, intercropping of vegetables maximizes land use and localizes
development and spread of some foliar and soilborne pathogens. Common
intercrop systems include such widely divergent crops as cabbage, eggplant,
cucumber, yard-long beans, and celery. An exception is the intercropping
of sequential overlapping rotations of crucifers (Chinese cabbage, leaf mus
tard, cabbage, and cauliflower) in South China, resulting in increases of
turnip mosaic virus, bacterial soft rot, and downy mildew

(109).

The most extensive research on plant diseases in intercropping systems
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was done in Costa Rica by Moreno & Larios with cassava, bean, com,
cowpea, sweet potato, and plaintain (51-53, 57-59). Compared with a
monoculture of cassava, intercropping bean with cassava reduced the sever
ity of powdery mildew, but had no effect on scab, rust, and Cercospora
leafspots of cassava. Cassava also reduced the severity of angular leaf spot
in bean. This mutual benefit may be one of the reasons why cassava-bean
intercropping is used widely by small farmers in Costa Rica (59). In con
trast, com with cassava increased the severity of powdery mildew but
decreased the severity of scab in cassava. Sweet potato with cassava, or com
and sweet potato with cassava both reduced the severity of dieback caused
by

Colletotrichum sp., but the disease was decreased in all systems by

increased potassium fertilization and weed control (59).
Compared with a bean monocuiture, com intercropped with bean re
duced the severity of rust on bean whereas using sweet potato and cassava
as an intercrop increased rust. In contrast, com increased angular leafspot,
while sweet potato and cassava decreased angular leaf spot.
Cowpea viruses are major problems in Central America, and intercrop
ping cowpea with either cassava or plaintain reduced the incidence of
cowpea mosaic virus and cowpea chlorotic virus, compared with a cowpea
monoculture. In contrast, intercropping with com was ineffective. The
viruses are transmitted by beetles, and there was a positive correlation
between the activity of the vectors and the percentage of plants with virus
infection. The beetles were also less active under low light intensity, possibly
explaining the decreased incidence of virus infection in cowpea grown under
a cassava or plaintain canopy. Cowpea yields were reduced

60% because

of less light, but research on growing cowpea under different degrees of
cassava defoliation may result in acceptable cowpea yields (59). All three
intercrops decreased the severity of Asochyta leafspot and the onset of an
epidemic of powdery mildew of cowpea. However, intercropping did not
reduce the severity of Cercospora leafspot of cowpea, and in the Philippines
intercropping com with mungbean did not reduce the severity of Cercos
pora leafspot of mungbean

(44).

Some suggested effects of intercropping on pathogens and disease devel
opment are influence on spore dissemination, modification of the microenvi
ronment (humidity, light, free moisture, temperature, air movement), and
differences in nutrient uptake in an intercropping system compared with a
monoculture, because of a more diversified root system (52, 66, 102). Re
search on the influence of intercropping on plant diseases is in its infancy.
More emphasis should be given to the influence of intercropping on plant
disease, as intercropping is one of the most widely used systems of farming
in the tropics.
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CONCLUSIONS
Conservation tillage and minimum-tillage practices may increase, decrease,
or have no effect on plant diseases. Leaving plant debris on the surface or
partially buried in the soil may allow numerous pathogens to overwinter,
or survive until the next crop is planted, but conditions favorable for biolog
ical control of plant pathogens may also be increased (8, 12, 27). Tillage
practices directly infiuence physical and chemical properties of the soil, soil
moisture and temperature, root growth and nutrient uptake, and popula
tions of vectors of plant pathogens. These factors in tum may influence the
viability and variability of plant pathogens and the susceptibility or resis
tance of the host.
Tillage practices may indirectly influence plant diseases by causing
changes in the kind, rate, and time of fertilizer application; pesticide use;
plant spacing; irrigation; and other cultural practices. Any change in the
soil or plant canopy environment may influence the development of epidem
ics. There are enough conflicting reports in the literature, however, to
indicate that the potential influence of a change in tillage practices on plant
diseases in a crop, or cropping sequence, in a particular region cannot be
assessed accurately without experimental data in that region. Some tillage
practices may have a similar influence on certain pathogens all over the
world; other practices may have a quite variable infiuence depending on the
climate and cropping sequence. Phytotoxins from decomposing residues
and allelopathy may be a limiting factor in using reduced tillage systems in
some environments but not in others, and may also limit the use of crops
in these systems.
In multiple-cropping systems in the subtropics and tropics, some disease
control methods developed in monocrop systems may be satisfactory while
others may have to be altered drastically. Certainly the principle of not
planting closely related crops in succession to control diseases is valid, but
it may be possible to plant the same or a similar crop (cucurbits, crucifers,
beans) every year in a multiple-cropping system if one or two nonrelated
crops are inserted between the related crops to alter the life cycles and the
survival of pathogens. Integrated pest management systems using different
tillage and pest control practices may allow growers the option of picking
from numerous cropping systems depending on their interest, management
abilities, and available markets.
Frequently, plant pathologists have not participated in research on the
development of reduced tillage and multiple cropping systems. Plant pa
thologists, through their own initiative, need to work with scientists in other
disciplines to determine the infiuence of tillage practices and cropping
systems on plant diseases, because tillage changes so many factors simulta-
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neously, and plant disease control practices must be a part of a total crop
production system. Growers need information available that will be useful
in predicting the potential disease losses with different production practices.
They then can make decisions to maximize profits, conserve soil and fuel,
and at the same time provide adequate quantities of high quality food and
fiber to meet the needs of the world.
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